Attempts to link the Big Five personality traits of Openness-to-Experience, 2 Conscientiousness, Extraversion, Agreeableness, and Neuroticism with variability in 3 trait-like features of brain structure have produced inconsistent results. Small sample 4 sizes and heterogeneous methodology have been suspected in driving these 5 inconsistencies. Here, we tested for associations between the Big Five personality 6 traits and multiple measures of brain structure using data from 1,107 university 7 students (636 women, mean age 19.69±1.24 years) representing the largest attempt 8 to date. In addition to replication analyses based on a prior study, we conducted 9 exploratory whole-brain analyses. Four supplementary analyses were also conducted 10 to examine 1) possible associations with lower-order facets of personality; 2) 11 modulatory effects of sex; 3) effect of controlling for non-target personality traits; 12 and 4) parcellation scheme effects. The analyses failed to identify any significant 13 associations between the Big Five personality traits and variability in measures of 14 cortical thickness, surface area, subcortical volume, or white matter microstructural 15 integrity, except for an association between greater surface area of the superior 16 temporal gyrus and lower scores on conscientiousness that explained 0.44% of the 17 morphometric measure's variance. Notably however, the latter association is largely 18 not supported by previous studies. The supplementary analyses mirrored these 19 largely null findings, suggesting they were not substantively biased by our choice of 20 analytic model. Collectively, these results indicate that if there are direct associations 21 between the Big Five personality traits and variability in brain structure, they are of 22 likely very small effect sizes and will require very large samples for reliable detection.
Introduction 25 Studies regarding the basic structure of individual differences in personality traits 26 have yielded a relatively consistent five factor model, comprised of the higher-order 27 dimensions of neuroticism, extraversion, agreeableness, conscientiousness, and 28 openness-to-experience -each capturing a wide array of feelings, thoughts, and 29 behaviors (Digman, 1990) . Individuals high in neuroticism tend to perceive the world 30 as distressing or threatening and frequently tend to experience negative emotions 31 such as anger and anxiety. Extraversion reflects a tendency to be outgoing and 32 assertive, to experience frequent positive moods, and to approach and explore one's 33 environment. Agreeableness reflects a tendency to be trusting and compassionate, 34 and to prefer cooperation over conflict. Individuals high in conscientiousness tend to 35 be organized and planful, and to follow socially prescribed norms of behavior. 36 Individuals high in openness-to-experience tend to be curious and reflective, show 37 an appreciation for art and culture, and tend to be very imaginative. These five traits 38 can be further partitioned to a set of hierarchically lower-order facets, reflecting 39 narrower, yet intercorrelated, sub-components of each broad dimension. In contrast 40 to the consistency of the five factor model, studies of how the Big Five personality 41 traits relate to underlying trait-like features of the brain have yet to identify 42 consistent patterns despite a growing number of attempts (e.g., Bjørnebekk et al., 43 2013; Coutinho et al., 2013; DeYoung et al., 2010; Ferschmann et al., 2018; Hu et al., 44 2011; Kapogiannis et al., 2013; Liu et al., 2013; Lu et al., 2014) . 45 Unlike the studies from which the Big Five were derived, most neuroimaging 46 studies of personality traits have relied on relatively small samples (N<100). 47 conducted four supplementary analyses: we examined whether a) lower-order facets 95 of the Big Five personality traits better correspond with brain structure (Bjørnebekk 96 et al., 2013) ; b) associations differ by sex (Nostro et al., 2016) ; c) associations can be 97 detected when controlling for non-target traits (e.g., DeYoung et al., 2010; Liu et al., 98 2013; Riccelli et al., 2017) ; and; d) a different parcellation scheme of the cortex 99 affects the findings. criterion, as the DNS seeks to establish broad variability in multiple behavioral 119 phenotypes related to psychopathology. However, no individuals, regardless of 120 diagnosis, were taking any psychoactive medication during or at least 14 days prior 121 to their participation. 122 The current analyses of gray matter (i.e., CT, SA, and subcortical volume) were 123 conducted on a subset of 1107 participants (636 women, mean age 19.69±1.24 124 years) for whom there was T1-weighted structural imaging data available post 125 quality control procedures (see below) as well as personality questionnaire and 126 genetic race/ethnicity data. Amongst this subset, 224 participants had at least one 127 DSM-IV diagnosis. Based on self-report, there were 499 non-Hispanic Caucasians, 128 125 African Americans, 294 Asians, 71 Latino/as, 2 Pacific Islanders, and 116 performed in PLINK (Purcell et al., 2007) . The first four multidimensional scaling 143 components were used as covariates to reduce possible confounding effects of 144 race/ethnicity. The decision to use only the first four components was based on an 145 examination of a scree plot of eigenvalue, which showed that the eigenvalues 146 became very similar after the fourth component. The 240-item NEO personality inventory revised (NEO-PI-R; Costa and McCrae, 150 1995), was used to assess the Big Five personality dimensions and their underlying 151 facets: 1) Neuroticism (based on the anxiety, angry hostility, depression, self-152 consciousness, impulsiveness, and vulnerability facets); 2) Agreeableness (based on 153 the trust, straightforwardness, altruism, compliance, modesty, and tender-154 mindedness facets); 3) Conscientiousness (based on the competence, order, 155 dutifulness, achievement striving, self-discipline and deliberation facets); 4) 156 Extraversion (based on the warmth, gregariousness, assertiveness, activity, 157 excitement-Seeking, and positive emotions facets); and 5) Openness-to-Experience 158 (based on the fantasy, aesthetics, feelings, actions, ideas, and values facets). Each 159 facet was a sum of 8 items, and each personality trait was a sum of the facet scores 160 (with certain items reverse coded as indicated). Participants rated the 240 items on a 161 scale ranging from (0) strongly disagree to (4) strongly agree. 
Results
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Descriptive statistics for the personality and brain morphometry variables are 280 available in Supplementary Table 1 .
Replication of Hyatt et al. (2019) 282 As reported in Exploratory whole-brain analyses 316 The top associations (i.e., uncorrected p<.005) are reported in Table 3 In the current study, with the largest sample to date, we failed to identify robust 338 links between the Big Five personality traits and multiple, trait-like features of brain .1, and, similarly, in our study almost all the R 2 were smaller than 1%. This suggests 371 that effect sizes for associations between personality traits and brain structure are 372 likely to be very small and will require very large sample sizes to be reliably detected. Furthermore, differences between and within samples may also limit 374 replicability in personality neuroscience. Age is known to affect brain structure, and 375 indeed has been shown to moderate associations between brain structure and 376 personality (Ferschmann et al., 2018) . Sex differences may also be relevant as has 377 been shown by Nostro et al., (2016) neuroticism may also have an average or a high conscientiousness score, which may correspond differently with brain structure. Future studies could focus on such 398 "types" in examining personality-brain structure associations. Second, our 399 acquisition protocol precluded the application of more anatomically precise 400 parcellation schemes (e.g., Glasser et al., 2016) . Third, our sample of volunteer 401 students at a top university may not be representative of the general population. 402 Lastly, we did not examine brain function. The brain correlates of personality may be 403 more readily identified in functional measures, such as functional connectivity. 404 However, as functional MRI studies are often characterized by small sample sizes, 405 here as well caution will be needed in the interpretation of findings until replicable 406 findings emerge in large samples. 407 Our largely null findings echo comments made by Yarkoni (2015) Left superior parietal lobule (CT) on Openness -0.001 0.003 0.01% -0.002 0.003 0.02% 0.000 0.004 0.00% -0.001 0.006 0.00% -0.011 0.008 0.79% Left caudal middle frontal gyrus (CT) on Agreeableness -0.002 0.004 0.01% -0.003 0.004 0.03% -0.005 0.005 0.11% -0.002 0.008 0.01% 0.011 0.014 0.31% Note. CT=cortical thickness; SA=surface area; All participants=entire sample, controlling for 4 genetic principal components. In all analyses, sex, age and either mean CT or intracranial volume were included as covariates. ^uncorrected p<.06, * uncorrected p<.05, **uncorrected p<.01 and 
